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Abstract

Groundwater is the primary source for drinking uses in the hard rock terrain of central Telangana, India, where most of
the people rely on it for daily uses. Therefore, this study was carried out to comprehend the fluoride contamination and
its associated health risk assessment to local dwellers. For this study, 54 groundwater samples were collected from bore
wells and hand pumps in the study region and were analysed for fluoride and other physicochemical parameters. The
results indicated by statistical mean values of Na*, Ca2*, Mg?* and K+ are 182.14, 59.79, 23.90 and 3.74 mg/L, respectively,
while HCO,%", CI7, SO,2~ and NO, ™ are 236.1,230.8, 167.7 and 81.9 mg/L, respectively. The fluoride concentration ranged
from 0.8 to 4.2 mg/L, with a mean of 2.21 mg/L. Eighty-one percent of the groundwater samples exceeded the World
Health Organization’s water quality limit of 1.5 mg/L for fluoride. Piper trilinear diagram (PTD) signifies that groundwater
quality in the study region is characterized by Na*-Cl~, Ca**-Mg?*-Cl~ and Na*-HCO,™-CI~ hydrochemical water types.
Gibbs diagrams indicate that all the major ion chemistry of the groundwater in the study region is controlled by rock-
water interactions, while evaporation plays a minor role. The health risk assessment results revealed that the associated
hazard quotient (HQ) for the age range of 6 to 12 months within about 100% of the study area exceeded the acceptable
HQ limits of 1. Furthermore, the HQ for age categories 6-11 years, 11-16 years and 16-18 years within 96.2, 68.5 and
50%, respectively, of the study locations were larger than 1. Results also indicate that age group 6 to 12 months was
most prone to health risks in the study region. Therefore, in the study region, people should be taken necessary actions
to abolish the groundwater contamination to protect the local dweller’s health.
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1 Introduction people from the 25 nations in the world are under the
threat of the fluorosis problem [5-8]. Typically, the

Fluoride concentration in drinking water is one of the endemic fluorosis is more severe in parts of China [9-11],

world issues; the presence of higher concentration of  Turkey [12], Korea [13], Mexico [14], India [8, 15-22], Africa

fluoride in drinking water always shows negative effects [23], Syria, Jordan, Ethiopia, Sudan, Tanzania, Kenya and

in human’s health from many regions in the world [1-4].  Uganda [24-29].

Recent reports advocate that more than 200 million
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The principal occurrence of fluoride in the groundwa-
ter is typically geogenic sources and also the contribution
of anthropogenic (industries and agricultural fertilizers)
sources is quite low [30-32]. The major fluoride-bearing
minerals are apatite [Cas(PO,);F], fluorite [CaF,], bio-
tite [K(Mg,Fe);AISi;O10(F,0H),], hornblende [(Ca,Na)
5-3(Mg,Fe,Al)5(Al,Si)g0,,(OH,F),], muscovite, lepidolite,
tourmaline, sphene, apophyllite, zinnwaldite, micas
and amphiboles (where F~ substitutes for OH™ within
the mineral structures), cryolite (Na;AIFy), villiaumite
(NaF), topaz (Al,(SiO,)F,) and soils that consist mainly
of clay minerals such as vermiculite [(MgFe,Al);(Al,Si)
4070(OH)], kaolinite [Al,Si,O5(OH),] and montmorillon-
ite [(Na,Ca)q35(Al,Mg),(Si,0,0)(OH),-nH,0] [10, 33-36].
Because of these mineral dissolutions in the groundwater
through the various geochemical processes, the concen-
trations of fluoride may extremely increase.

In the Indian scenario, only four states were recognized
with endemic fluorosis problem in the early 1930s; now
it has reached to 21 states [17, 37]. This shows that the
problem of fluorosis was very aggravated within a short
span of time in the many regions of India, and also it is a
most alarming health concern in the country [2, 6, 15, 37,
38]. Approximately more than 66 million people in India
have been suffering from the deadly disease of fluorosis
and all districts of Telangana state in India are reported
an unacceptable range of fluoride concentration in drink-
ing water [38, 39]. In other words, the endemic fluorosis
belt (EFB, Telangana state in India) has also evidenced
that more populace suffers from the various health risks
due to the intake of highly fluoride-contaminated drink-
ing water. Therefore, many groundwater scientists and
researchers have adopted the human health risk assess-
ment model to delineate the adverse effect of ingesting
fluoride-contaminated water; Adimalla and Li [18] studied
on groundwater quality and potential health risks from
fluoride content in drinking water in the rock-dominant
semi-arid region of Telangana and found that children are
more adversely affected by health risks due to intake of
elevated fluoride concentration in drinking water. Similar
results were reported in various regions from FEB such as
Nirmal province [16] and semi-arid region of Medak [2,
37, 40]. This shows a few studies were focused in parts of
EFD, but no previous investigation in the hard rock ter-
rain of central Telangana, India, in this regard. This shows
a large scientific gap between fluoride contamination and
its potential health risk evaluation in the hard rock terrain
of central Telangana, India.

The main objective of the present study was to identify
the fluoride-vulnerable zones using a spatial distribution
map of fluoride and to assess the human health risk associ-
ated with fluoride concentration in the groundwater of the
study. To accomplish this, ingestion and dermal pathways
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were computed in seven age groups: 6-12 months,
6-11 years, 11-16 years, 16-18 years, 18-21 years,
>21 years and > 65 years. The outcome of this study will
be helpful to policy and decision makers to take suitable
and significant measures that can improve the quality of
life in the study region.

2 Study area

The study area is located in the central part of Telangana
state, India (Fig. 1), which also is situated about 105 km
north of Hyderabad on Hyderabad-Karimnagar highway,
and itis bounded by longitude 78.76942 to 78.90232E and
latitude 18.06768 to 18.24402N [41]. The climate is semi-
arid, with a mean annual temperature of 25 °C in winter
and of 48 °C in summer [41]. The mean annual rainfall is
recorded as 745 mm, and a major portion of the rainfall is
received from the southwest monsoon period (June-Sep-
tember). The study area is totally occupied by granite rocks
of Archaean age [41]. In the study region, groundwater
occurs under phreatic conditions, but it is desaturated and
under semi-confined conditions in the fractured zones.
The depth of weathering varies from 5.5 to 15 m below
the ground level. The fracture zones are mostly confined
up to 75 to 100 m below the ground level. However, the
depth of bore wells ranges from 20 to 30 m in the study
region, and groundwater extraction from bore wells are
estimated to be 0.17 to 0.3 L/s [41].

3 Materials and methods
3.1 Sample collection and analysis

Groundwater samples (N=54) were collected from hand
pumps/bore well in the study region during Novem-
ber 2016. Prior to sampling, each pump/bore well was
pumped for more than 10 min to tap aquifer water. The
groundwater samples were collected in 1-L high-density
polyethylene (HDP) bottles. The HDP bottles were first
rinsed more than three times with groundwater and then
completely filled and sealed with caps and then stored at
4°C[42].

The water samples were analysed for various hydro-
chemical parameters such as pH, electrical conductivity
(EQ), total dissolved solids (TDS), total hardness (TH) as
CaCo0;, calcium (Ca?"), sodium (Na*), potassium (K*), chlo-
ride (CI7), bicarbonate (HCO;"), sulphate (5042‘), nitrate
(NO;7) and fluoride (F7). The in situ parameters such as
hydrogen ion concentration (pH), EC and TDS were meas-
ured at each sampling site with the help of a portable pH/
EC/TDS meter (Hanna instrument: HI 9811-5) which was
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Fig. 1 Map of study area showing the sampling locations

calibrated every day before use. Chloride was measured
by AgNO; titration method; HCO;™ was measured using
an acid titration method; Ca®*, Mg?* and TH were ana-
lysed using titration with ethylenediaminetetraaceticacid
(EDTA). Na* and K* were measured using a flame photom-
eter (Model 130 Systronics); SO,>” and NO;™ was measured
by BaCl, turbidity method using a UV-visible spectropho-
tometer; fluoride concentration in groundwater was deter-
mined by using ion-selective electrode method [42]. As
per experimental requirement, 2 mL of total ionic strength
adjusting buffer grade IIl (TISAB Ill) was added in 20 mL of
sample. The ion meter was calibrated for a slop of —59.2+2
[38, 42].

3.2 Quality of chemical data

The accuracy of the analytical results was cross-checked by
calculating ionic balance error (IBE) as follows:

Y Cations — ) Anions
IBE = : — % 100 1)
Y Cations + Y Anions

where all cations and anions are expressed in meg/L. The
computed IBE was within the acceptable limit of £10%
[43].

I I 1 I I I
78.82 78.84 78.86 78.88 78.9 7892

3.3 Healthrisk assessment model

Health risk assessment has widely been used in research
associated with human health [18, 20, 40]. Typically, intake
of contaminated drinking water may pose health risks to
humans. Therefore, it is very essential to understand the
degree of potential health risks for different age groups in
the study region. The United States Environmental Protec-
tion Agency [44, 45] introduced a health risk assessment
model which is being used to evaluate the vulnerable age
groups after being exposed to a certain harmful chemical
through different pathways. In the present study, drink-
ing water ingestion and dermal pathways were given pri-
mary priority to estimate the potential human health risks
for seven different age groups (6-12 months, 6-11 years,
11-16 years, 16-18 years, 18-21 years, =21 years and
> 65 years) [44]. In the study region, populace was majorly
exposed to elevated fluoride through ingestion/drinking
and dermal contacts. However, inhalation is not consid-
ered as a principal exposure route for fluoride in the study
region. Chronic daily dose and hazard quotient of fluoride
via ingestion and dermal were computed using the follow-
ing equations:

_ Gy XIR,, X EF, X ED
i~ BW x AT

CDD ()
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Cqy X ESAX K X EF, X ED x CF

DD = BW x AT 3)
CDD,,

"Qn =T @
CDD

HQy, = RfDde 5)

where CDD,: chronic daily dose via ingestion (mg/kg day),
CDDy: chronic daily dose via dermal exposure route (mg/
kg day), G, concentration of fluoride in drinking water
(mg/L), EF: exposure frequency (days/years), ED: exposure
duration (years), BW: body weight (kg), AT: resident time
(days/years), ESA: exposed skin area (cm?), K: skin adher-
ence factor, CF: conversion factor (L/cm?), RfD: reference
dose of fluoride (0.06 mg/kg day) obtained from the Inte-
grated Risk Information System (IRIS) and database of the
US EPA [44, 45]. Furthermore, the detailed reference values
of each parameter used for the above calculation are pre-
sented in Table 1[1, 2, 10, 16, 18, 40, 44, 45].

4 Result and discussion

The characteristics of groundwater samples are shown
in Supplementary Table S1. Groundwater of the study
region displayed neutral-to-mildly alkaline nature, and
pH differed from 6.82 to 8.78 with a mean value of 7.56.
EC is largely variable ranging from 169 to 1535 pS/cm
with an average of 750.67 uS/cm. TDS values varied from

108 to 983 mg/L with a mean of 480.43 mg/L, while TH
values ranged from 125 to 575 mg/L with an average of
245.37 mg/L. Among the cations, the concentrations of
Na*, Ca?*, Mg?" and K* ions differed from 38 to 440 mg/L,
16 to 100 mg/L, 2 to 103 mg/L and 1 to 24 mg/L with mean
values of 182.14, 59.79, 23.90 and 3.74 mg/L, respectively
(Table S1). However, among the anions, the concentra-
tions of HCO,>~, CI~, SO,%~, NO;™ and F~ ions ranged from
100 to 390 mg/L, 43 to 756 mg/L, 96 to 278 mg/L, 6.6 to
280 mg/L and 0.8 to 4.2 mg/L, respectively (Table S1).
Therefore, the mean cation and anion concentrations fol-
lowed a decreasing order of Na*>Ca?">Mg?*>K" and
HCO,;™>ClI™>S0,% >NO;™ > F~, respectively.

The fluoride concentration in groundwater samples
ranged from 0.8 to 4.2 mg/L with an average value of
2.21 mg/L. Of the groundwater samples, 81% showed fluo-
ride concentration higher than the World Health Organi-
zation (WHO) prescribed limit of 1.5 mg/L for drinking
purposes [46]. Edmunds and Smedley [47] stated that the
optimal range of fluoride in drinking water is 1 mg/L, and
the study region groundwater samples were classified into
three groups: low fluoride (< 1 mg/L), acceptable range (1
to 1.5 mg/L) and high (1.5 mg/L), respectively (Table 2).
As shown in Table 2, 17% showed fluoride concentration
acceptable range (1 to 1.5 mg/L) belong to group-l, and
81% of groundwater samples locked in group-Il, which
were not suitable for drinking purposes. Adimalla et al.
[17] studied the controlling factors of fluoride in ground-
water of Peddavagu in central Telangana (PCT), India, and
found higher fluoride concentration in the range of 0.6
to 3.6 mg/L. They also stated that rock-water interaction,

Table 1 Key parameters for computing the exposure risk of fluoride through ingestion and dermal pathways

Parameters Unit 6-12months 6-11years 11-16years 16-18years 18-21years =>21years >65 years

Ingestion pathway
Ingestion rate (IR,,) L/day 1 1.32 1.82 1.78 234 294 273
Exposure frequency (EF,) Days/year 365 365 365 365 365 365 365
Exposure duration (ED) Year 6 6 6 6 30 30 30
Body weight (BW) kg 9.1 29.3 54.2 67.6 67.6 78.8 80
Average time (AT,) Days 2190 2190 2190 2190 10,950 10,950 10,950
Concentration of element (C;,) mg/L Present study

Dermal pathway
Skin surface area (SA) cm? 4500 10,500 15,700 18,000 19,550 19,800 19,400
Exposure time (ET) h/event 0.54 0.54 0.54 0.54 0.71 0.71 0.71
Exposure frequency (EF,) Days/year 350 350 350 350 350 350 350
Exposure duration (ED) Year 6 6 6 6 30 30 30
Conversion factor (CF) L/cm3 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Body weight (BW) kg 9.1 29.3 54.2 67.6 67.6 78.8 80
Average time (AT,) Days 2190 2190 2190 2190 10,950 10,950 10,950
Skin adherence factor (K,) cm/h 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Concentration of element (C;,) mg/L Present study
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Table 2 Statistical summary of the physicochemical parameters of groundwater resource of study area in various groups of samples based on fluoride ion concentration

%O0SP  Stat® PH EC TDS TH Ca%t Na* Mg*  K* HCO,~  NOj~ cr 50,2

NS?

Fluoride

Groups

0.8

140
140
230

71

104
159
262

44
a4

40

125
185
375

174
563
983

271

6.82
6.82
7.69

7.13

<1

Group-1

1.2
1.5
1.43
1.6

4.2

107
756

44

50
98

880

Min

17

1-1.5

Group-2

158

18

34

180

1535

Max

170.77
96

368.02
43

103.64

209.63
100
390

4.67

17.55

109.47
38
440

80.61
16

268.89

703.67
108
749

1099.48
169

Mean

Min

125
575

7.15
8.78
7.67

81

a4

1.5

>

Group-3

746 278

280

24

103

100

1170

Max

79.20 206.38 167.72 2.40

3.57 244.58

25.60

200.14

441.74 243.30 55.98

690.21

Mean

All values are in mg/L except pH and EC; ECis in uS/cm

aNumber of groundwater samples

b% of groundwater samples

CStatistics

and fluoride-rich minerals play major role to elevate the
fluoride content in the groundwater of the PCT, India.
Narsimha and Sudarshan [7] conducted an investigation
on fluoride contamination in groundwater from Basara,
Telangana. They reported that the fluoride concentra-
tion differed from 0.06 to 4.33 mg/L, due to weathering
of rocks, and mineral dissolution was the principal factor,
which enhanced the fluoride content in groundwater of
the study region. However, in the study region, anthropo-
genic activity is much negligible; therefore, higher fluoride
content in groundwater could be due to geogenic sources
[2,7,8,10,38-40].

4.1 Chemical weathering

Gibbs [48] stated that evaporation and water-rock
interaction or rock dominance are the major mecha-
nisms controlling the world water chemistry besides
atmospheric precipitation. Gibbs plots, TDS versus
(Na*™+ K*)/(Na* + K* + Ca?*) for cations and TDS versus
CI7/CI" + HCO4™ for anions were plotted (Fig. 2) in order
to demonstrate the groundwater evolution process and
impact of country rock groundwater chemistry. As shown
in Fig. 2, high-fluoride-content samples are found in
rock dominance and slightly inclined towards evapora-
tion dominance field, indicating that the mechanism of
rock dominance plays a significant role in controlling the
groundwater chemistry, which also enhances the fluo-
ride content in groundwater of the hard rock terrain of
the study region, India. [8, 17, 18, 38, 39] denoted that
rock-water interaction typically occurs in the regions
occupied by the hard rocks, and low rainfall and high tem-
perature could lead to the high rate of residence time/slow
percolation of water through pore spaces, which intensely
enhance the ions concentration in groundwater. Further-
more, the molar ratio of Ca®*/Na* versus Mg?*/Na* plot
(Fig. 3), indicating a high number of groundwater samples
are affected by silicate weathering and a few are evaporate
dissolution in the study region. Further, the molar ratio
of Na*/Cl~ ranged from 0.13 to 13.75 with a mean value
of 2.09, 57% of groundwater samples have larger than 1,
indicating that silicate weathering is the principal process
responsible for the excess release of Na* into the ground-
water [2, 8, 10, 49].

4.2 The dominant water types

The Piper trilinear diagram (PTD) is very worthwhile for
assessing the geochemical evolution of groundwater
chemistry and to identify the dominant water types [50].
Essentially, PTD consists of two triangular fields and one
diamond field (Fig. 4). As shown in Fig. 4, anions (Ca%t,
Mg** and Na*+K") and cations (CI-, SO,*~ and HCO;") are
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Fig.2 Gibbs plot for the groundwater samples collected from the study region
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Fig.3 Scatter plot between Ca®*/Na* versus Mg**/Na*

projected into a central diamond-shaped field represent-
ing the nine characteristics of water which are depicted
in Fig. 4. In the study region, 74% of groundwater sam-
ples show alkaline earth metals (Ca®*+ Mg?*) exceeding
alkali metal cation (Na*+K*), in which plotted points fall
in zone 1, while 76% of samples fall in zone 4, indicating
weak acids (HCO5™+C0;%") over strong acids (S0,*~ +CI).
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Furthermore, 59% and 41% of groundwater samples fall
in the zone 9 and zone 7, signifying that no dominant
cation—anion exchange and non-carbonate alkali exceed
(Fig. 4). Based on the cation and anions contribution in
the study region groundwater, three principal, domi-
nant hydrochemical water types are found which are
of 52% of Na*-Cl~, 25% of Ca?>*~-Mg?*'-Cl~ and 21% of
Na*-HCO5;™-ClI" (Fig. 4).

Typically, high-fluoride groundwater majorly belongs
to Na*™-HCO;~ hydrochemical type in the hard ter-
rain of the world [2, 7, 10, 18, 38, 39], while only 2% of
Na*-HCO;~ hydrochemical type were found in the
study region groundwater. Interestingly, high-fluoride
groundwater belongs to Na*™-Cl~-, Ca?*~-Mg**-Cl™- and
Na*-HCO,; -Cl™-type waters. These water had high EC
(1535 puS/cm) and high TDS (983 mg/L), suggesting a major
role of water-rock interaction and long residence time [47,
51-53].

4.3 Detecting ion exchange by hydrogeochemical
analysis

lon exchange typically occurs between groundwater and
aquifers material which plays a major role in groundwater
chemistry and also provide quantitative information about
direct and reverse ion exchange process in the studied
groundwater. Chloro-alkaline indices (CAl) were proposed
by [54]; CAl-ll and CAI-Il were computed using the follow-
ing equations, where all ions were expressed in meq/L.



SN Applied Sciences (2019) 1:202 | https://doi.org/10.1007/542452-019-0219-8

Research Article

Zone Characteristics of water

Alkaline earth (Ca?*+Mg?*) exceed alkalies (Na*+K*)
Alkalies exceed alkaline earth

Weak acids (CO,>+ HCO;’) exceed strong acids (SO 2+ CI)
Strong acids exceed weak acid

Carbonate hardness (secondary alkalinity) exceeds 50%
Non-carbonate hardness (secondary salinity) exceeds 50%
Non-carbonate alkali (primary salinity) exceeds 50%
Carbonate alkali(primary alkalinity) exceeds 50%
No one cation-anion pair exceeds 50%

CoO~NOUA WN =

Mg2* Type

No
Dominar®®

100

® F <1 mg/L (Including 1mg/L)
® F>1and<1.5mg/L

® F>1.5mg/L

Q
)

100 €«

Fig.4 Characterization of hydrochemical facies with piper plot

Cl— (Na* +K*)

CAl-l =
cr

Cl— (Na* +K*)
(SOZ™ + HCO; + CO3™ + NO3 )

CAI-ll = )

When reverse ion exchange occurs between Na* and K*
in the aquifer material with Mg?* and Ca®* in the ground-
water, then these two indices will be negative and the con-
centrations of Na* and K* in water will also increase. On the
other hand, if direct ion exchange happens between Na*
and K* in the groundwater with Mg?* and Ca** attached
to aquifer material, both of the above (CAI-I and CAI-II)
indices will be positive and the concentrations of Mg?*
and Ca?" will increase in the groundwater [54]. The CAI-I
and CAI-Il of the study region groundwater ranged from
—12.79 t0 0.87 and —2.11 to 1.99, respectively. Further-
more, the obtained results are plotted in bar diagram
(Fig. 5) and show that the reverse ion exchange occurs for
about 57.4% of the study region groundwater samples
since both CAIl-l and CAI-Il indices are negative. On the
other hand, the direct ion exchange is dominant for about
42.6% of the total groundwater samples of the hard rock
region of India.
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Fig.5 Bar diagram of the chloro-alkaline indices (CAI-l and CAI-I)
for the groundwater samples of the study region
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4.4 Spatial distribution of fluoride

The base map was prepared using Toposheet No. 56J/16
on 1:50,000 scale. Their spatial attributes were added and
analysed in“Surfer 15 software” environment (Golden Soft-
ware, USA). Ordinary kriging interpolation method (Surfer
15 software) was used to generate the spatial distribution
pattern of the fluoride in the groundwater of the study
region. Spatial distribution of fluoride in groundwater of
the study region is depicted in Fig. 6. The spatial variation
map of fluoride shows that larger than 3 mg/L fluoride
concentration was noticed in the villages of Tudkapalli,
Ponnala and Bakri Cheppll which are the southern part of
the study area (Fig. 6). Furthermore, Tornal, Basavapuram,
Siddipet, Insanpalli and Ellupalli villages groundwater also
have a higher range of fluoride content (1.5 to 3 mg/L),
indicating water is unsuitable for drinking uses in the
study region (Fig. 6). Only a few villages (Raghavapur, Pul-
lur and Banjarpalli) are in the safe zone with respect to
fluoride concentration in the groundwater of the entire
study region.

4.5 Fluoride health risk assessment

The health risk assessment model obtained from US EPA
[44, 45] is used to calculate the non-carcinogenic effects
to different age groups such as 6-12 months, 6-11 years,
11-16 years, 16-18 years, 18-21 years, =21 years and

18.26
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F:1to1.5mg/L |
@D F:1.5t0 3mg/L
@ r: >3 mglL
¢ Villages
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78.82 78.84 7886 7888 789 7892

Fig. 6 Spatial distribution map of fluoride in the study region
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> 65 years who consume groundwater as their daily drink-
ing and bath water sources. A succession of human health
risks for dissimilar age groups people are computed, inte-
grating the above-mentioned parameters as well as con-
centrations of fluoride in groundwater using HQs.

4.5.1 Ingestion pathway

The hazard quotient ingestion (HQ;,) associated with
fluoride concentration on different age classification
(6-12 months, 6-11 years, 11-16 years, 16-18 years,
18-21 years, = 21 years and > 65 years) was estimated, inte-
grating the indicators obtained from the US EPA Exposure
Factor Handbook (US EPA [44]) as well as the fluoride con-
centration in the groundwater from the hard rock terrain
of central Telangana, India.

The HQ,, values ranged from 1.465 to 7.692 with a mean
of 4.043 for age 6 to 12 months. The HQ,, values for age
6 to 11 years varied from 0.601 to 3.154 with an average
value of 1.657. The values for age 11 to 16 years, 16 to
18 years, 18 to 21 years, >21 years and > 65 years range
from 0.448 to 2.351, 0.394 to 2.071, 0.462 to 2.423, 0.497
to 2.612 and 0.455 to 2.389 with a mean values of 1.235,
1.088, 1.274, 1.373 and 1.255, respectively (Table 3). In the
study region, the obtained results of HQ,, shown that all
the locations were above the acceptable limits HQ=1 for
age 6 to 12 months group, while 96.2, 68.5 and 50% of
the samples locations were also larger than the acceptable
limits for 6- to 11-year, 11- to 16-year and 16- to 18-year
age groups, respectively. The abundance of mean vulnera-
ble age groups is in descending order of 6 to 12 months >6
to 11 years>21 years>65 years> 18 to 21 years>11 to
16 years > 16 to 18 years. Interestingly, non-carcinogenic
health risk results indicated that the 6- to 12-month age
groups were more likely to suffer from health complica-
tions associated with consumptions of water laden with a
larger concentration of fluoride in the study region drink-
ing water. The health risk to 6- to 12-month age group is
3.22,2.94, and 3.17 times of that to > 65 years, >21 years
and 18- to 21-year age groups because of the discrep-
ancy of exposure parameters. It is obvious that the 6- to
12-month age group undertake higher health risk than
other six age groups in the hard rock terrain of central Tel-
angana, India. Conclusively, the HQ;, values obtained in
this study should serve as baseline information for water
management authorities, policymakers and the society at
large towards addressing these pollution issues.

4.5.2 Dermal contact pathway
The results of the dermal hazard quotient (HQ,,) for dif-

ferent age groups are presented in Table S2. The results of
HQg. show that the health risk ranged from 9.78E-04 to
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Table 3 Hazard quotients via ingestion pathway for different age classification

S.no. 6 to 12 months 6to 11 years 11 to 16 years 16 to 18 years 18 to 21 years >21 years >65 years
CTI-1 1.465 0.601 0.448 0.394 0.462 0.497 0.455
CTI-2 2.198 0.901 0.672 0.592 0.692 0.746 0.683
CTI-3 2.564 1.051 0.784 0.690 0.808 0.871 0.796
CTl-4 2.564 1.051 0.784 0.690 0.808 0.871 0.796
CTI-5 2.564 1.051 0.784 0.690 0.808 0.871 0.796
CTl-6 2.747 1.126 0.839 0.740 0.865 0.933 0.853
CTl-7 2.747 1.126 0.839 0.740 0.865 0.933 0.853
CTI-8 2.747 1.126 0.839 0.740 0.865 0.933 0.853
CTl-9 2.930 1.201 0.895 0.789 0.923 0.995 0.910
CTI-10 2.930 1.201 0.895 0.789 0.923 0.995 0.910
CTl-11 2.930 1.201 0.895 0.789 0.923 0.995 0.910
CTl-12 2.930 1.201 0.895 0.789 0.923 0.995 0.910
CTI-13 3.114 1.276 0.951 0.838 0.981 1.057 0.967
CTI-14 3.114 1.276 0.951 0.838 0.981 1.057 0.967
CTI-15 3.114 1.276 0.951 0.838 0.981 1.057 0.967
CTl-16 3.297 1.352 1.007 0.888 1.038 1.119 1.024
CTI-17 3.297 1.352 1.007 0.888 1.038 1.119 1.024
CTI-18 3.297 1.352 1.007 0.888 1.038 1.119 1.024
CTI-19 3.480 1.427 1.063 0.937 1.096 1.181 1.081
CTI-20 3.480 1.427 1.063 0.937 1.096 1.181 1.081
CTI-21 3.480 1.427 1.063 0.937 1.096 1.181 1.081
CTl-22 3.480 1.427 1.063 0.937 1.096 1.181 1.081
CTI-23 3.480 1.427 1.063 0.937 1.096 1.181 1.081
CTI-24 3.480 1.427 1.063 0.937 1.096 1.181 1.081
CTI-25 3.663 1.502 1.119 0.986 1.154 1.244 1.138
CTl-26 6.777 2.778 2.071 1.824 2.135 2.301 2.104
CTI-27 6.777 2.778 2.071 1.824 2.135 2.301 2.104
CTI-28 7.692 3.154 2.351 2.071 2423 2,612 2.389
CTI-29 3.846 1.577 1.175 1.036 1.212 1.306 1.194
CTI-30 3.846 1.577 1.175 1.036 1.212 1.306 1.194
CTI-31 5.861 2.403 1.791 1.578 1.846 1.990 1.820
CTI-32 6.044 2478 1.847 1.627 1.904 2.052 1.877
CTI-33 4.029 1.652 1.231 1.085 1.269 1.368 1.251
CTI-34 4.029 1.652 1.231 1.085 1.269 1.368 1.251
CTI-35 4212 1.727 1.287 1.134 1.327 1.430 1.308
CTI-36 4212 1.727 1.287 1.134 1.327 1.430 1.308
CTI-37 4212 1.727 1.287 1.134 1327 1.430 1.308
CTI-38 4.396 1.802 1.343 1.183 1.385 1.492 1.365
CTI-39 4.396 1.802 1.343 1.183 1.385 1.492 1.365
CTI-40 4.579 1.877 1.399 1.233 1.442 1.555 1.422
CTl-41 4.579 1.877 1.399 1.233 1.442 1.555 1.422
CTl-42 4579 1.877 1.399 1.233 1.442 1.555 1422
CTI-43 2.747 1.126 0.839 0.740 0.865 0.933 0.853
CTl-44 4.762 1.952 1.455 1.282 1.500 1.617 1.479
CTI-45 5.128 2.102 1.567 1.381 1.615 1.741 1.593
CTl-46 5.128 2.102 1.567 1.381 1.615 1.741 1.593
CTI-47 5311 2177 1.623 1.430 1.673 1.803 1.649
CTI-48 5311 2177 1.623 1.430 1.673 1.803 1.649
CTI-49 531 2177 1.623 1.430 1.673 1.803 1.649
CTI-50 5.678 2.328 1.735 1.529 1.788 1.928 1.763
SN Applied Sciences

A SPRINGERNATURE journal



Research Article

SN Applied Sciences (2019) 1:202 | https://doi.org/10.1007/s42452-019-0219-8

Table 3 (continued)

S.no. 6 to 12 months 6to 11 years 11to 16 years 16 to 18 years 18 to 21 years >21 years >65 years
CTI-51 5.678 2.328 1.735 1.529 1.788 1.928 1.763
CTI-52 5.678 2328 1.735 1.529 1.788 1.928 1.763
CTI-53 5.678 2.328 1.735 1.529 1.788 1.928 1.763
CTI-54 2.747 1.126 0.839 0.740 0.865 0.933 0.853

5.11E-03, 1.95E-06 to 2.58E—-03 and 2.24E—06 to 2.09E-03
with a mean of 1.53E-01, 3.63E-03 and 3.04E-03 for
6-12 months, 6-11 years and 11-16 years and for
16-18 years, 18-21 years, =21 years and > 65 years dif-
fered from 4.06E—06 to 1.92E-03, 2.74E-03 to 1.44E-02,
2.38E-03 to 1.25E-02 and 2.30E—-03 to 9.01E-03 with an
average of 3.00E-03, 4.08E—01, 3.54E—01 and 2.54E-01,
respectively. This suggests that dermal contact pathway
is quite low than the ingestion pathway of contaminated
water in the above-mentioned age groups. On other words
ingestion pathway of contaminated water is the principal
exposure pathway for non-carcinogenic risk in the hard
rock terrain of the study region.

5 Conclusions

In this study, 54 groundwater samples were collected
and analysed for various physicochemical parameters to
understand the general geochemistry of groundwater and
fluoride contamination and its health risk assessment in
the hard rock terrain of Siddipet, India. The outcomes of
the study can be summarized as follows:

e Groundwater of the study region is neutral-to-mildly
alkaline nature. Sodium is the dominant cation, fol-
lowed by calcium, magnesium and potassium. Bicar-
bonate is the abundant anion, followed by chloride,
sulphate, nitrate and then fluoride, respectively. The
spatial variation map of fluoride shows that larger than
3 mg/L fluoride concentration was noticed in the vil-
lages of Tudkapalli, Ponnala and Bakri Cheppll which
are the southern part of the study area.

e The piper trilinear diagram (PTD) reveals that more
than 70% of groundwater samples had alkaline earth
metals exceeding alkali metals. The classification of
the water types ranked as Na*-CI~, Ca?*~-Mg?*-Cl~ and
Na*-HCO;™-ClI". Further, the groundwater chemistry
of the study region is controlled by the mechanism
of rock-water interactions/rock dominance process.
57.4% of groundwater samples are involved in the
reverse ion exchange process and remaining are direct
ion exchange-controlled groundwater chemistry in the
study region.
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e The assessment of non-carcinogenic risk showed
that this incurred due to the intake of contaminated
drinking water in the hard rock terrain of Siddipet. The
HQ;, values ranged from 1.465 to 7.692 for age 6 to
12 months, while 0.601 to 3.154, 0.448 t0 2.351, 0.394 to
2.071,0.462 to 2.423,0.497 t0 2.612, and 0.455 to 2.389
forage 6 to 11 years, 11 to 16 years, 16 to 18 years, 18
to 21 years, > 21 years and > 65 years, respectively.
The results of HQy, show that the health risk ranged
from 9.78E—04 to 5.11E-03, 1.95E-06 to 2.58E—03 and
2.24E-06 to 2.09E-03 for 6-12 months, 6-11 years and
11-16 years, while 4.06E-06 to 1.92E-03, 2.74E-03
to 1.44E-02, 2.38E-03 to 1.25E—-02 and 2.30E-03
to 9.01E-03 for 11-16 years and for 16-18 years,
18-21 years, =21 years and > 65 years, respectively.
The results showed that all samples have exceeded
the acceptable limit of HQ=1 for 6 to 12 months, pos-
ing this age group had a higher chronic hazard on the
health risks. Therefore, the necessary steps to be taken
to abolish this highly fluoride-contaminated ground-
water and health risks in this study region. Further-
more, the obtained results of the study will be a scien-
tific basis for groundwater management, and it will also
be helpful to take necessary actions for providing safe
and protect drinking water for the study region.
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